ing site is characterized by the presence of aromatic and hydrophobic residues that are contributed by two 1081 HV Amsterdam The Netherlands neighboring subunits and a disulphide bond between two adjacent cysteine residues. The principal subunit provides residues from loops A, B, and C, whereas residues within loops D, E, and F come from the complemenSummary tary subunit. (Figure 3 ). This aspartate is conserved mational changes in AChBP are similar upon binding of either ligand, the more unfavorable entropy contribution throughout the LGIC superfamily and it clearly has a structural role. In addition, however, it may polarize the for carbamylcholine binding is probably due to a stronger reduction in conformational freedom of carbaTrp143 carbonyl oxygen to provide a partial negative charge that favorably interacts with the positively mylcholine itself compared to that of nicotine. All these effects together may explain the lower affinity for carbacharged group in the ligand. The compensation of nicotinic ligand charge has been extensively debated. One mylcholine and acetylcholine when compared with nicotine. Carbamylcholine binds with 10-fold less affinity option is that this is accomplished by cation-pi interactions with aromatic side chains (Zhong et al., 1998). In than acetylcholine (Table 2) , although it differs only by the replacement of the NH 2 group (N6) by a methyl group. the structure, these are mainly contributed by Trp143, although residues Tyr192 and either Tyr185 or Trp53
As expected, the ligands are bound in the interface be- pyrrolidine N2 and the carbonyl group of Trp143. This ligands binding is mostly supplied by the change in enthalpy ( Table 2 ). The binding enthalpy reflects the carbonyl group is buried by carbamylcholine as well, with a short contact (3.1 Å ) to the C2 atom of the posistrength of the interactions (e.g., hydrogen bonds, van der Waals contact) and because it is easier to model tively charged choline group. Such short carbonyl-choline contacts occur frequently in the Cambridge Crystal enthalpy changes, the ligand bound structures may be particularly useful for drug design. Structure database (CSD) and are determined by the electrostatic nature of the CH and O atoms, as well
The gain in enthalpy of nicotine versus carbamylcholine binding can be explained by the presence of the as their neighboring atoms (Taylor and Kennard, 1982) . Apparently, the positively charged nitrogen N1 in carbahydrogen bonds to nicotine and to the larger number of contacts with the protein for nicotine (27 Ϯ 3) than mylcholine lowers the electron density around the C2H atoms, which then facilitates the interaction with the for carbamylcholine (19 Ϯ 4). Moreover, the burial of the Trp143 carbonyl by carbamylcholine is unfavorable, carbonyl oxygen to form a CH-O hydrogen bond. Thus, for both nicotine and carbamylcholine, the Trp143 carbecause it prevents hydrogen bond formation with, for example, water. Entropy changes are generally combonyl group is important for contacting the positively charged group of the ligand. posed of two terms: a favorable term that reflects the desolvation of water molecules upon burial of hydrophoUpon analysis of this carbonyl group, we noted that it is stabilized by a hydrogen bond between the 143/ bic residues and an unfavorable term due to loss of flexibility upon ligand binding. Because the local confor-144 peptide bond NH and the negatively charged Asp85 side chain (Figure 3 ). This aspartate is conserved mational changes in AChBP are similar upon binding of either ligand, the more unfavorable entropy contribution throughout the LGIC superfamily and it clearly has a structural role. In addition, however, it may polarize the for carbamylcholine binding is probably due to a stronger reduction in conformational freedom of carbaTrp143 carbonyl oxygen to provide a partial negative charge that favorably interacts with the positively mylcholine itself compared to that of nicotine. All these effects together may explain the lower affinity for carbacharged group in the ligand. The compensation of nicotinic ligand charge has been extensively debated. One mylcholine and acetylcholine when compared with nicotine. Carbamylcholine binds with 10-fold less affinity option is that this is accomplished by cation-pi interactions with aromatic side chains (Zhong et al., 1998) . In than acetylcholine (Table 2) , although it differs only by the replacement of the NH 2 group (N6) by a methyl group. the structure, these are mainly contributed by Trp143, although residues Tyr192 and either Tyr185 or Trp53
Since the N6 is not involved in hydrogen bonds, a methyl group would be energetically more favorable in this hymay contribute. However, we suggest that the observed interaction with the partially charged carbonyl of Trp143 drophobic environment. Ligand binding to nAChRs has been modeled for acemay also contribute to charge compensation. Despite the absence of conformational changes that of the complementary subunits. It resolves the various models of nicotine and acetylcholine binding and provides novel explanations for important issues on both There are some additional side chains on the surface the receptor and the ligand side by addressing hotly that change conformation in the ligand bound state, but debated issues such as the charge compensation and most of these vary between subunits. However, in both the internitrogen distance in the nicotinoid pharmacoligand bound structures, the Lys139 side chain moves phore. In the past 2 years the AChBP structure was systematically to form a hydrogen bond to the hydroxyl found to be very informative for interpreting data on group of Tyr185 ( Figure 4C) 
